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SPECIFICATION 

TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND SEMICONDUCTOR ASSEMBLY MODULE 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device of an insertion-mount-type and a semiconductor 

10 assembly module, more specifically relates to a 
semiconductor device capable of improving the solderability 
of leads, particularly improving the solderability of the 
leads for lead-free solder mounting of a power module and a 
semiconductor assembly module using the semiconductor 

15 device. 

2. Description of the Related Art 

In general, a semiconductor device of an insertion- 
mount-type is mounted on an external substrate by inserting 

20 leads protruding from the semiconductor device into 
through-holes of the external substrate. A structure of a 
conventional semiconductor device of an insertion-mount- 
type and a method for mounting the semiconductor device on 
an external substrate are described below by using the 

25 DIPIPM shown in FIGs . 23A-23D and FIG. 24 as an example. 
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As shown in FIGs. 23A-23D and FIG. 24, in the 
conventional semiconductor device 101, a power 
semiconductor element 102 and a control semiconductor 
element 103 are mounted on a copper lead frame 105 provided 
5 with leads 104. Both of the semiconductor elements 102 and 

103 are electrically connected to their corresponding leads 

104 by metallic thin wires 106 and 107. Moreover, the 
semiconductor device 101 is provided with a heat sink 108 
for improving the heat release property. In this case, the 

10 lead frame 105 also serves as a circuit substrate. These 
members 102 to 108 are sealed by a plastic package 110. 

As shown in FIGs. 23B and 23C, in the conventional 
semiconductor device 101 (DIPIPM) , each of the leads 104 is 
constituted by a narrow front-end-side portion B 1 to be 

15 inserted into the through-hole of an external substrate 
(not illustrated) and a proximal-end-side portion B 2 wider 
than the portion B x . Moreover, to mount the semiconductor 
device 101 on the external substrate, the semiconductor 
device 101 and external substrate are aligned in the height 

20 direction so that the gap (interval) between them is kept 
constant . 

The soldering of a semiconductor device of an 
insertion-mount-type to an external substrate generally 
uses the flow soldering method or point flow soldering 
25 method. According to these methods, soldering is performed 
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by supplying flux to the leads and external substrate which 
are to be soldered and then preheating them, supplying 
melted solder, and thereby raising the temperature of the 
leads and external substrate up to the liquidus-line 
5 temperature of solder or higher. 

Thus, the conventional semiconductor device 101 is 
also soldered to the external substrate by one of the above 
methods. In this case, a comparatively large amount of 
heat is discharged to the plastic package 110 through the 

10 portion B 2 that is not inserted into the external substrate 
from the portion B x of the lead 104 that is soldered. 
Therefore, because the temperature of the portion B 1 of the 
lead 104 which should be soldered does not reach the 
liquidus-line temperature of solder under the soldering 

15 process, a problem occurs that imperfect soldering is made. 

Moreover, when using Pb-free solder based on Sn whose 
consumption is increased in recent years from the viewpoint 
of environmental problems, the liquidus-line temperature 

rises by approx. 4 0°K compared to the case of 
20 conventionally-used Sn-Pb eutectic solder. Therefore, the 
above problem is further actualized. This is because it is 
difficult to raise a process temperature such as a 
preheating temperature or melted-solder temperature in 

order to compensate the rise value (40°K) of the liquidus- 
25 line temperature of solder. 
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In the case of a surf ace-mount-type semiconductor 
device, the soldering process generally uses a method of 
heating the whole structure to be soldered, that is, a 
method of heating a semiconductor device and a substrate, 
5 for example, a method such as flow soldering. Therefore, 
imperfect soldering due to heat dissipation from a lead to 
a resin package does not occur and thus, there is no 
problem. 

For the above problem, as shown in FIG. 25, Japanese 

10 Laid-Open Patent Publication No. 76357/1988 discloses a 
method of making positions of height-adjusting lead-step 
portions 210, 211, and 212 different from each other in 
accordance with volumes of lead-embedding portions 204, 206, 
and 208 located in a resin package 201 in a semiconductor 

15 device in which a semiconductor chip 202, a metallic thin 
wire 203, and three types of leads 205, 207, and 209 are 
embedded in the resin package 201. 

However, the above method has a problem that the 
solderability is not improved at all in the case of the 

20 lead 207 whose lead step portion 211 is closest to a 
substrate. To improve the solderability of a semiconductor 
device, it is clear that it is necessary to improve the 
solderability of every lead. In this point, it is 
insufficient to solve the problem by the above method. 

25 Particularly, in the case of solder mount using lead-free 
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solder having a high liquidus-line temperature, there is a 
problem that imperfect soldering may frequency occur. 

Moreover, to keep the gap between the semiconductor 
device and the substrate constant while contacting with the 
5 substrate, it is necessary to form two or more lead-step 
portions on the same-height places. However, in the case 
of this method, the position of the lead-step portion 
depends on the volume of a metallic lead in the lead- 
embedding portion. Therefore, to form two or more lead- 

10 step portions on same-height places, there is a problem 
that the design of the leads must be greatly restricted. 
However, when forming the lead-step portions on the same- 
height places between the metallic leads having volumes 
different from each other at the lead-embedding portion, 

15 there is a problem that preferable solderability may not be 
secured. Moreover, there is a problem that it is very 
complicated to decide the position of the lead-step portion 
by the above method. 

Then, to avoid the above problem in accordance with an 

20 approach of raising the preheating temperature, the 
temperature of the whole external substrate is raised. 
Moreover, not only the semiconductor device 101 but also 
various electronic components are mounted on the external 
substrate and a considerable number of components having a 

25 low heat-resistant temperature (including an electrolytic 
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capacitor) are present in the components. Therefore, the 
problem solution according to the approach of raising the 
preheating temperature is limited. Moreover, when the 
semiconductor device 101 or external substrate has an 
5 excessively high temperature due to preheating, flux looses 
an active force. Therefore, the semiconductor device 101 
or external substrate cannot show its effect under the 
important soldering process and on the contrary, a problem 
occurs that the solderability is deteriorated. 

10 Moreover, though an approach of avoiding the above 

problem by raising the temperature of melted solder to be 
supplied is made, the problem solution by the approach is 
limited from the viewpoint of the heat-resistant 
temperature of the component and deactivation of flux. 

15 Furthermore, an approach of increasing the process time is 
possible. In this case, however, the above problem is not 
solved because the temperature of the whole external 
substrate rises and moreover, a problem occurs that 
increase of the process time causes the cost of the 

2 0 semiconductor device to increase. 

As described above, when the semiconductor device by 
using Pb-free solder is mounted, the liquidus-line 

temperature of the solder rises by 40°K. Therefore, the 
above problem becomes more remarkable and it is needless to 
25 say that solution by each of the above approaches becomes 
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more difficult. 

SUMMARY OF THE INVENTION 

The present invention is developed to solve the above 
5 conventional problems and has an object to provide means 
for making it possible to easily and securely mount a 
semiconductor device of an insert ion-mount- type on an 
external substrate or the like without raising the 
preheating temperature or the temperature of melted solder 

10 to be supplied or without increasing the process time. 

A semiconductor device of an insertion-mount- type 
according to the present invention which has been developed 
to solve the above problems, includes a plastic package, a 
plurality of leads, one or more semiconductor elements and 

15 an electric wiring. The leads are protruding outward from 
the plastic package. The semiconductor elements and the 
electric wiring are protected by the plastic package. The 
electric wiring connects the semiconductor elements with 
the leads. The semiconductor device is to be mounted on an 

20 external electric member by inserting the leads into a 
lead-inserting portion of the external electric member and 
joining them by solder. 

Each of the leads include first, second and third lead 
portions. The first lead portion is located at the plastic 

25 package side. The second lead portion is located at a 



position nearer to the tip end than the first lead portion. 
The third lead portion is located at a position nearer to 
the tip end than the second lead portion so as to be 
inserted into the lead-inserting portion. The sectional 
5 area of the second lead portion is set to a value smaller 
than that of the first lead portion. Hereupon, at least 
some of the leads are formed as gap-controlling leads. 
Each of the gap-controlling leads is provided with a gap- 
controlling means located at a position nearer to the tip 

10 end than the second lead portion to keep the gap between 
the semiconductor device and the external member constant. 

The gap-controlling means may be formed by making the 
lead width locally larger than the width of the second lead 
portion. Alternatively, the gap-controlling means may be 

15 formed by forming two or more bent portions in each of the 
gap-controlling leads. Meanwhile, the second lead portion 
and the gap-controlling means are formed by forming a hole 
on the lead at a position nearer to the tip end than the 
first lead portion. 

20 In the semiconductor device, the temperature rise 

property of the leads is improved due to increase of the 
heat resistance of the heat-release path extending from the 
leads to the plastic package and the solderability is 
improved. Moreover, because the first lead portion has a 

25 large stiffness, the easiness of fabrication of the 
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semiconductor device is not deteriorated. Thereby, it is 
possible to easily and securely mount the semiconductor 
device on the external electric member through solder 
without raising the preheating temperature or the 
5 temperature of melted solder to be supplied or without 
increasing the process time in the soldering-mounting 
process . 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Various characteristics and advantages of the present 

invention will become clear from the following description 
taken in conjunction with the preferred embodiments with 
reference to the accompanying drawings throughout which like 
parts are designated by like reference numerals, in which: 

15 FIGs. 1A-1D are a top view, a front view, a rear view 

and a side view of a semiconductor device of first 
embodiment, respectively; 

FIG. 2A is a side sectional view of the semiconductor 
device shown in FIGs. 1A-1D while FIG. 2B is an enlarged 

20 perspective view of an end lead of the semiconductor device 
in FIG. 2A; 

FIG. 3 is a front view showing a state in which the 
semiconductor device of the embodiment 1 is mounted on an 
external substrate; 
25 FIG. 4 is a top view of a lead frame; 
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FIG. 5 is an illustration showing an enlarged tie bar 
portion in the lead frame shown in FIG. 4; 

FIG. 6 is an illustration showing a tie-bar cutting 
technique for forming an end lead of the embodiment 1 by 
5 cutting a time bar portion; 

FIG. 7 is an illustration showing another tie-bar 
cutting technique for forming an end lead of the embodiment 

1 by cutting a tie bar portion; 

FIG. 8A is a front view of a semiconductor device of 
10 embodiment 2 while FIG. 8B is an enlarged perspective view 
showing an end lead of the semiconductor device; 

FIG. 9 is an illustration showing a tie-bar cutting 
technique for forming an end lead of the embodiment 2 by 
cutting a tie bar portion; 
15 FIG. 10 is an illustration showing another tie-bar 

cutting technique for forming an end lead of the embodiment 

2 by cutting a tie bar portion; 

FIG. 11A is a front view of a semiconductor device of 
third embodiment, FIG. 11B is an enlarged perspective view 
20 of an end lead of the semiconductor device, while FIG. 11C 
is a perspective view showing a modification of an end 
lead; 

FIG. 12A is an illustration showing a tie-bar cutting 
technique for forming an end lead of embodiment 3 by 
25 cutting a tie bar portion while FIG. 12B is an illustration 
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showing a tie-bar cutting technique for forming a 
modification of the end lead shown in FIG. 11C; 

FIG . 13 is an illustration showing another tie-bar 
cutting technique for forming an end lead of the embodiment 
5 3 by cutting a tie bar portion; 

FIG, 14A is a front view of a semiconductor device of 
embodiment 4 while FIG. 14B is an enlarged perspective view 
of an end lead of the semiconductor device; 

FIG. 15 is an illustration showing a tie-bar cutting 
10 technique for forming an end lead of the embodiment 4 by 
cutting a tie bar portion; 

FIG. 16 is an illustration showing another tie-bar 
cutting technique for forming an end lead of the embodiment 
4 by cutting a tie bar portion; 
15 FIGs. 17A-17C are a top view, a front view, and a side 

view of a semiconductor device of embodiment 5, 
respectively; 

FIGs. 18A and 18B are a rear view and side sectional 
view of a semiconductor device of embodiment 5, 
20 respectively; 

FIGs. 19A-19C are a top view, a front view, and a side 
view of a semiconductor device of embodiment 6, 
respectively; 

FIGs. 2 OA and 20B are a rear view and a side sectional 
25 view of he semiconductor device of the embodiment 6, 
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respectively; 

FIG. 21 is a photo showing a joined state of a metal 
(metallic structure) of a soldered portion between a lead 
and an external substrate instead of an illustration; 
5 FIG. 22 is a perspective view of a semiconductor 

assembly module of embodiment 8; 

FIGs. 23A-23D are a top view, a front view, a rear 
view and a side view of a conventional semiconductor device, 
respectively; 

10 FIG. 24 is a side sectional view of the conventional 

semiconductor device shown in FIGs. 23A-23D; and 

FIG. 25 is a front view showing a configuration of 
another conventional semiconductor device. 



15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Some mbodiments of the present invention will be 
specifically described below. 
(Embodiment 1) 

The embodiment 1 of the present invention will be 
20 described below. The semiconductor device of the 

embodiment 1 is a package-type large DIP corresponding to 
static electricity. 

FIGs. 1A-1D are a top view, front view, rear view and 
side view of the semiconductor device of the embodiment 1, 
25 respectively. FIG. 2A is a side sectional view of the 
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semiconductor device while FIG . 2B is an enlarged 
perspective view of one end lead of the semiconductor 
device. FIG . 3 is a front view showing a state in which 
the semiconductor device is mounted on a substrate. The 
5 semiconductor device shown in FIGs. 1A-1D to FIG. 3 is a 
so-called semiconductor device of an insertion-mount-type 
or an insertion-mount-type semiconductor device. 

As shown in FIGs. 1A-1D to FIG. 3, in the 
semiconductor device of the embodiment 1, a power 

10 semiconductor element 2 and a control semiconductor element 
3 are mounted on a copper lead frame 5 provided with a 
plurality of leads 4. Both of the semiconductor elements 2 
and 3 are electrically connected each other by their 
respectively corresponding leads 4 and metallic thin wires 

15 6 and 7. Moreover, the semiconductor device 1 is provided 
with a heat sink 8 for improving the heat release property. 
In this case, the lead frame 5 also serves as a circuit 
substrate. The semiconductor device 1 has a structure in 
which the above members 2 to 8 constituting the 

20 semiconductor device 1 are sealed by a plastic package 10. 

Some of the leads 4 are exposed to the outside of the 
plastic package 10. 

Among the leads 4 lined up in the longitudinal 
direction of the semiconductor device 1 at the front or 

25 rear of the semiconductor device 1, a protruded gap- 
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controlling portion 9 is formed on leads 4a, 4b, 4c, and 4d 
(hereafter respectively referred to as an *end lead" ) 
located at the both ends of the line. The gap-controlling 
portion 9 is provided to keep the gap d (interval) between 
5 the semiconductor device 1 and an external substrate 25 
constant when inserting and mounting the semiconductor 
device 1 into and on the external substrate 25. 

These end leads 4a to 4d are respectively provided 
with a first lead portion 21 protruded from a plastic 

10 package 10, a second lead portion 22 located between the 
first lead portion 21 and gap-controlling portion 9, and a 
third lead portion located at a position closer to the 
front end (outside) than the gap-controlling portion 9 so 
as to be inserted into the external substrate 25. In this 

15 case, widths (dimensions in the direction vertical to lead 
extending direction) of the second and third lead portions 
22 and 23 are respectively smaller than the width of the 
first lead portion 21. Sectional areas (cross section 
vertical to the lead extending direction) of the second and 

20 third lead portions 22 and 23 are smaller than the 
sectional area of the first lead portion 21. It is 
preferable that the length (dimension in the lead extending 
direction) of the gap-controlling portion 9 is smaller as 
long as the portion 9 has a strength capable of keeping the 

2 5 gap d constant. 
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A method for fabricating the semiconductor device 1 is 
described below. 

In the fabrication process of the semiconductor device 
1, the power semiconductor element 2 and control 
5 semiconductor element 3 are set to (mounted on) the copper 
lead frame 5 through die bonding. Then, the power 
semiconductor element 2 is electrically connected with the 
lead frame 5 by a metallic thin wire 6 made of Al through 
wire bonding while the control semiconductor element 3 is 
10 electrically connected with the lead frame 5 by a metallic 
thin wire 7 made of Au through wire bonding. Then, to 
protect the both semiconductor elements 2 and 3 and the 
both metallic thin wires 6 and 7, a plastic package 10 is 
formed by the transfer mold technique. In this case, a 
15 heat sink 8 is built in the plastic package 10. 

Thereafter, an extra portion of the lead frame 5 such 
as a tie bar is cut off in a tie-bar-cutting step to form 
the leads 4 (including the end leads 4a to 4d) . The leads 
4 are coated with solder in accordance with the dipping 
20 technique or plating technique and moreover lead-formed. 
Thereby, the semiconductor device 1 (product) is completed. 

The shape of the lead frame 5 is described below in 
detail. 

FIG. 4 shows the lead frame 5. A broken line in FIG. 
25 4 shows the outline of the plastic package 10. Moreover, 
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FIG. 5 shows an enlarged view of the portion including a 
tie bar 11 (hereafter referred to as "tie bar portion") 
shown by R in FIG . 4. 

As shown in FIGs. 4 and 5, the width of a portion 41 
5 (hereafter referred to as "wide portion") located at a 
position closer to the center of the lead frame 5 than the 
tie bar 11 (hereafter referred to as "inside") is larger 
than the width of a portion 43 (hereafter referred to as 
"narrow portion") located at a position closer to the end 

10 of the lead frame than the tie bar 11 (hereafter referred 
to as "outside"). In the state of a final product, a part 
of the wide portion 41 protrudes outward from the plastic 
package 10 to form the first lead portion 21 serving as a 
part of the lead 4. Thus, by increasing the width of a 

15 portion of the lead 4 close to the plastic package 10 
(hereafter referred to as "proximal portion") and improving 
the stiffness of the portion, the stiffness of the 
semiconductor device 1, particularly the stiffness of the 
semiconductor device 1 after mounted on the external 

20 substrate 25 is secured. 

Moreover, to fabricate the semiconductor device 1, it 
is necessary to improve the stiffness of the proximal 
portion in order to prevent a trouble that the lead frame 5 
is deformed, particularly a trouble that a part of the lead 

25 frame 5 is flown or twisted by a molding resin in a molding 
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step. Thereby, easiness of fabrication of the 

semiconductor device 1 is secured. Because of the above 
reasons, it is impossible to decrease the width of the 
whole lead 4. Therefore, the width of the proximal portion 
5 of the lead 4, that is, the width of the first lead portion 
21 is made equal to the width of a lead of this type of a 
conventional semiconductor device. 

Then, a tie-bar-cutting step for forming the end leads 
4a to 4d is described below. 

10 FIG. 6 is an illustration showing a case of adding a 

line for cutting the tie bar shown in FIG. 5, that is, a 
tie-bar-cutting line (broken line) in the vicinity of the 
tie-bar portion. That is, in the tie-bar-cutting step, the 
vicinity of the tie-bar portion is cut along the tie-bar- 

15 cutting line. As shown in FIG. 6, by cutting the vicinity 
of the tie-bar portion including the tie bar 11, wide 
portion 41, and narrow portion 43 along the tie-bar-cutting 
line, it is possible to form the end leads 4a to 4d 
provided with the gap-controlling portion 9 and first to 

20 third lead portions 21 to 23. Therefore, it is possible to 
easily obtain a lead shape that is a feature of the present, 
invention while securing a fabrication property almost the 
same as that of the fabrication process of this type of 
conventional semiconductor device. 

25 FIG. 7 shows another technique for forming the end 
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leads 4a to 4d. As shown in FIG. 7, the forming method 
uses the lead frame 5 in which two cutouts 31 respectively 
having a predetermined shape are formed on the tie bar 11. 
These cutouts 31 are formed on the outside portion of the 
5 tie bar 11 at the both sides of the narrow portion 43. 
Moreover, these cutouts 31 respectively have a shape in 
which the gap-controlling portion 9 and second lead portion 
22 are previously formed on the tie bar 11. 

According to the above forming technique, it is 

10 possible to obtain a lead shape which is a feature of the 
present invention only by linearly cutting a tie bar along 
the outline of the wide portion 41 located at a position 
further inside than the tie bar 11 in a tie-bar-cutting 
step as shown by a broken line in FIG. 7. In this case, it 

15 is possible to easily perform press cutting a simple die, 
this is also advantageous from the viewpoint of cost. 
Moreover, because the gap-controlling portion 9 is formed 
on the lead frame 5, there is also an advantage that the 
shape of the gap-controlling portion 9 is stabilized. 

20 Particularly, when the semiconductor device 1 includes 

a power semiconductor element, the sectional area of the 
third lead portion 23 is frequently decided in accordance 
with a current capacity. In this case, it is impossible to 
make the sectional area of the second lead portion 22 

25 smaller than that of the third lead portion 23. Therefore, 
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by equalizing the sectional area of the second lead portion 
22 with that of the third lead portion 23, it is possible 
to most efficiently improve the solderability . That is, by 
equalizing the sectional area (width) of the second lead 
5 portion 22 with that (width) of the third lead portion 23 
and moreover forming the gap-controlling portion 9 between 
the portions 22 and 23, an advantage can be obtained that 
it is possible to maximally improve the solderability in 
addition to the above advantage, 

10 A method for mounting the semiconductor device 1 on 

the external substrate 25 is described below by referring 
to FIG . 3. To mount the insertion-mount-type semiconductor 
device 1, the leads 4 (including end leads 4a to 4d) are 
inserted into their respectively corresponding through- 

15 holes 26 formed on the external substrate 25 . In this case, 
the semiconductor device 1 is positioned so that the gap d 
(interval) between the semiconductor device 1 and the 
external substrate 25 becomes constant. 

Then, flux is supplied to the through-holes 26 and 

20 the leads 4 of the external substrate 25 to be soldered. 

Thereafter, melted solder is supplied to the through-holes 
26 and leads 4 from the face of the external substrate 25 
opposite to the face of it on which the semiconductor 
device 1 is mounted. Then, by raising the temperature of 

25 the through-holes 26 and that of the leads 4 to the 
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liquidus-line temperature of the supplied solder or higher, 
preferable soldering is performed and thereafter the solder 
is solidified. 

In this case, when the above temperature rise is 
5 insufficient, solder wetting becomes insufficient to cause 
imperfect soldering. As described above, this is a 
phenomenon generally caused because the quantity of heat to 
be released from the leads 4 to the package 10 is large. 
Therefore, in the case of the semiconductor device 1 of 

10 this embodiment 1, the quantity of heat to be released from 
the leads 4 to the package 10 is reduced by setting the 
second lead portion 22 having a small sectional area 
(width) . That is, because the sectional area of the second 
lead portion 22 is small, the quantity of heat to be 

15 released from the leads 4 to the package 10 is greatly 
reduced and therefore, the above phenomenon does not occur. 
Thereby, it is possible to realize preferable solderability . 
More specifically, by decreasing the sectional area of the 
second lead portion 22 serving a heat transfer route from 

20 the leads 4 to the package 10, the heat resistance from the 
leads 4 to the package 10 is increased so as to reduce the 
quantity of heat to be released from the leads 4 to the 
package 10. 

As the result, according to the semiconductor device 1 
25 of the embodiment 1, it is possible to reduce the frequency 
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of imperfect soldering without changing conventional 
soldering processes. Therefore, an advantage is obtained 
that it is possible to reduce the cost of repair of 
defective products. 
5 Thus, in the case of the semiconductor device 1 of the 

embodiment 1, the first lead portion 21 having a large 
sectional area located at the proximal portion, gap- 
controlling portion 9, and second lead portion 22 are 
formed on the end leads 4a to 4d protruding from the 

10 plastic package 10 respectively* Moreover, the sectional 
area of the second lead portion 22 is smaller than that of 
the first lead portion 21 and smaller than the width of the 
gap-controlling portion 9. Therefore, it is possible to 
improve the solderability when inserting the leads 4 into 

15 the external substrate 25, soldering the leads 4, and 
mounting the semiconductor device 1 while securing the 
stiffness of the semiconductor device 1 after mounted on 
the external substrate 25, easiness of fabrication of the 
semiconductor device 1, and alignment property of the 

20 semiconductor device 1 when mounted on the external 
substrate 25. 
(Embodiment 2) 

The embodiment 2 of the present invention will be 
described below by referring to FIGs. 8A and 8B to FIG. 10. 
25 The semiconductor device of the embodiment 2 has many 
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points common to thsoe of the embodiment 1 shown in FIGs. 
1A-1D to FIG . 7. Therefore, to avoid duplication of 
description, points of the embodiment 2 different form 
those of the embodiment 1 are mainly described below. In 
5 FIGs. 8A and 8B to FIG. 10, a member common to that of the 
embodiment 1 shown in FIGs. 1A-1D to FIG. 7 is provided 
with the same reference number. Though a case is described 
below in which the shape of the gap-controlling portion 9 
is rectangular, the shape is not restricted to a rectangle. 

10 A square, trapezoidal, or triangular shape is allowed as 
long as the shape can control a gap. 

FIG. 8A is a front view of a semiconductor device of 
the embodiment 2. FIG. 8B is an enlarged perspective view 
of an end lead of the semiconductor device. The 

15 semiconductor device shown in FIGs. 8A and 8B is an 
insertion-mount-type semiconductor device . 

As shown in FIGs. 8A and 8B, in the case of the 
semiconductor device 1 of the embodiment 2, a gap- 
controlling portion 9 formed on each of end leads 4a to 4b 

20 protrudes in the both directions in the lead width 
direction. That is, a second lead portion 22, the gap- 
controlling section 9, and a third lead portion 23 form a 
cross. Other points are the same as those of the 
semiconductor device 1 of the embodiment 1. That is, the 

25 semiconductor device 1 of the embodiment 2 is different 
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from the semiconductor device of the embodiment 1 only in 
shapes of the end leads 4a to 4d. 

Then, the tie-bar cutting step for forming the end 
leads 4a to 4d will be described below. 
5 FIG. 9 is a tie bar obtained by adding a tie-bar 

cutting line (broken line) to the vicinity of the tie-bar 
portion shown in FIG. 5. That is, in the tie-bar cutting 
step, the vicinity of the tie-bar portion is cut along the 
tie-bar cutting line. As shown in FIG. 9, by cutting the 

10 vicinity of the tie-bar portion including a tie bar 11, a 
wide portion 4 1 , and a narrow portion 43 along the tie-bar 
cutting line, it is possible to form the end leads 4a to 4d 
provided with the gap-controlling portion 9 and first to 
third lead portions 21 to 23 shown in FIG. 8B. Therefore, 

15 it is possible to easily obtain a lead shape which is a 
feature of the present invention while almost securing the 
fabrication property same as that of the fabrication 
process of this type of conventional semiconductor device. 

FIG. 10 shows another technique for forming the end 

2 0 leads 4a to 4d. As shown in FIG. 10, this forming method 
uses a lead frame 5 in which two rectangular holes 32 are 
formed on the tie bar 11. These rectangular holes 32 are 
formed at almost the central portion of the tie bar 11 at 
both sides of the narrow portion 43. Moreover, these 

25 rectangular holes 32 respectively have a shape in which the 
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gap-controlling portion 9 and the second lead portion 22 
are formed on the tie bar 11 by linearly cutting the tie 
bar . 

According to the above forming technique, only by 
5 linearly performing tie-bar cutting as shown by a broken 
line in FIG. 10 along the outline of the wide portion 41 
located inside of the tie bar 11 in the tie-bar cutting 
step, it is possible to easily obtain a lead shape which is 
a feature of the present invention. In this case, because 

10 it is possible to easily perform press cutting by a simple 
die, this is advantageous also from the viewpoint of cost. 

According to the above forming technique, the 
following advantages are further added compared to the case 
of the embodiment 1. That is, because the gap-controlling 

15 portion 9 protrudes to the both sides, the positioning 
stability is high. Moreover, because the rectangular holes 
32 are formed on the tie bar 11 instead of the cutouts 31, 
the tie bar portion has a large stiffness compared to the 
case in which the cutouts 31 (refer to FIG. 7) are formed 

20 and the influence of the rectangular holes 32 on the 
fabrication process of the semiconductor device 1 is very 
small. In this case, it is allowed to bend the end leads 
4a to 4d at either of the first lead portion 21 and second 
lead portion 22. In the case of this forming technique, it 

25 is impossible to previously completely form (build) the 
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gap-controlling portion 9 in the lead frame 5. 

Also in the case of the semiconductor device 1 of the 
embodiment 2, it is possible to improve the solderability 
similarly to or more than the case of the semiconductor 
5 device 1 of the embodiment 1 when inserting the leads 4 
into , soldering the leads 4, and mounting the 
semiconductor device 1 on the external substrate 25 while 
securing the stiffness of the semiconductor device 1 after 
mounted on the external substrate 25, fabrication easiness 
10 of the semiconductor device 1, and alignment property when 
mounting the semiconductor device 1 on the external 
substrate 25. 
(Embodiment 3) 

The embodiment 3 of the present invention will be 
15 described below by referring to FIGs. 11A-11C to FIG. 13. 

A semiconductor device of the embodiment 3 has many points 
common to the semiconductor device of the embodiment 1 
shown in FIGs. 1A-1D to FIG. 7. Therefore, to avoid 
duplication of description, points different from those of 
20 the embodiment 1 are mainly described below. In FIGs. 11A- 
11C to FIG. 13, a member common to that of the embodiment 1 
shown in FIGs. 1A-1D to FIG. 7 is provided with the same 
reference number. 

FIG. 11A is a front view of a semiconductor device of 
25 the embodiment 3, FIG. 11B is an enlarged perspective view 
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showing one end lead of the semiconductor device. FIG. 11C 
is a perspective view showing a modification of an end lead. 
The semiconductor device shown in FIGs. 11A-11C is an 
insertion-mount-type semiconductor device . 
5 As shown in FIGs. 11A-11C, in the case of the 

semiconductor device 1 of the embodiment 3, a gap- 
controlling portion 9 formed on each of end leads 4a to 4d 
is formed by forming a plurality of bent portions on a 
narrow portion of each of the end leads 4a to 4d, that is, 

10 bending the narrow portion a plurality of times. Two 
right-angle bent portions are formed on the end lead 4b 
shown in FIGs. 11A and 11B and four right-angle bent 
portions are formed on the end lead 4d shown in FIG. 11C. 
Other points are the same as those of the semiconductor 

15 device 1 of the embodiment 1. That is, the semiconductor 
device 1 of the embodiment 3 is different from that of the 
embodiment 1 only in shapes of the end leads 4a to 4d. 

Then, a tie-bar cutting step for forming the end leads 
4a to 4d is described below. 

20 In the tie-bar cutting step of the embodiment 3, the 

vicinity of the tie-bar portion is cut along the tie-bar 
cutting line (broken line) shown in FIG. 12A. In the case 
of this vicinity of the tie-bar portion , the position of 
the narrow portion 43 is shifted in the direction for the 

25 tie bar 11 to extend compared to the case of the vicinity 
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of the tie-bar portion shown in FIG. 5. 

As shown in FIG. 12A, by cutting the vicinity of the 
tie-bar portion including the tie bar 11, wide portion 41, 
and narrow portion 43 along the tie-bar cutting line, it is 
5 possible to form the end leads 4a to 4d respectively 
provided with the gap-controlling portion 9 and first to 
third lead portions 21 to 23 shown in FIG. 11B. To form 
the end leads 4a to 4d shown in FIG. 11C, the vicinity of 
the tie-bar portion shown in FIG. 5 is cut along the tie- 

10 bar cutting line (broken line) shown in FIG. 12B. 

Therefore, it is possible to easily obtain a lead shape 
which is a feature of the present invention while almost 
securing the fabrication property same as that of the 
fabrication process of this type of conventional 

15 semiconductor device. 

FIG. 13 shows another technique for forming the end 
leads 4a to 4d. As shown in FIG. 13, this forming 
technique uses a lead frame 5 in which a rectangular hole 
33 is formed on the tie bar 11. The rectangular hole 33 is 

20 formed at almost the center of the tie bar 11 at a position 
slightly shifted in the direction for the tie bar 11 to 
extend from the portion corresponding to the wide portion 
41. Moreover, the rectangular hole 33 has a shape in which 
the gap-controlling portion 9 and second lead portion 22 

25 are formed on the tie bar 11 through linear tie-bar cutting. 
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According to the above forming technique, it is 
possible to easily obtain a lead shape which is a feature 
of the present invention only by linearly cutting the tie 
bar 11 as shown by the broken line in FIG. 13 along the 
5 outline of the wide portion 41 located inside of the tie 
bar 11 in the tie-bar cutting step. In this case, because 
it is possible to easily perform press cutting by a simple 
die, this is advantageous for cost. 

According to this forming technique, the following 

10 advantage is further added compared to the case of the 
embodiment 2. That is, it is possible to substantially 
lengthen the second lead portion 22 . Moreover, as shown in 
FIG. 11C, by forming a shape having more than three bent 
portions, it is possible not only to lengthen the second 

15 lead portion 22 but also to lengthen the service life of a 
soldered portion in accordance with the stress relief 
effect . 

Thus, also in the case of the semiconductor device 1 
of the embodiment 3, it is possible to improve the 

20 solderability when inserting the leads 4 into the external 
substrate 25, soldering the leads 4, and mounting the 
semiconductor device 1 while securing the stiffness of the 
semiconductor device 1 after mounted on the external 
substrate 25, easiness of fabrication of the semiconductor 

2 5 device 1, and alignment property when mounting the 
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semiconductor device 1 on the external substrate 25. 
(Embodiment 4 ) 

The embodiment 4 of the present invention will be 
described below by referring to FIGs. 14A and 14B to FIG. 
5 16. A semiconductor device of the embodiment 4 has many 
points common to those of the semiconductor device of the 
embodiment 1 shown in FIGs. 1A-1D to FIG. 7. Therefore, to 
avoid duplication of description, points different from 
those of the embodiment 1 are mainly described below. In 

10 FIGs. 14A and 14B to FIG. 16, a member common to that of 
the embodiment 1 shown in FIGs. 1A-1D to FIG. 7 is provided 
with the same reference number. 

FIG. 14A is a front view of the semiconductor device 
of the embodiment 4. FIG. 14B is an enlarged perspective 

15 view of one end lead of the semiconductor device. The 
semiconductor device shown in FIGs . 14A and 14B is an 
insertion-mount-type semiconductor device. As shown in 
FIGs. 14A and 14B, in the case of the semiconductor device 
1 of the embodiment 4, a gap-controlling portion 9 formed 

20 on each of end leads 4a to 4d and a second lead portion 22 
having a small sectional area are adjacent to a first lead 
portion 21 and a rectangular hole portion 24 is formed on a 
portion having the same width as the first lead portion 21. 
Other points are the same as those of the semiconductor 

25 device 1 of the embodiment 1. That is, the semiconductor 
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device 1 of the embodiment 4 is different from the 
semiconductor device of the embodiment 1 only in shapes of 
the end leads 4a to 4d. 

Then, the tie-bar cutting step for forming the end 
5 leads 4a to 4d is described below. In the tie-bar cutting 
step of the embodiment 4, the vicinity of the tie-bar 
portion shown in FIG. 5 is cut along the tie-bar cutting 
line (broken line) shown in FIG. 15. As shown in FIG. 15, 
by cutting the vicinity of the tie-bar portion including 

10 the tie bar 11, wide potion 41, and narrow portion 43 along 
the time-bar cutting line, it is possible to form the end 
leads 4a to 4d provided with the gate-controlling portion 9 
and first to third lead portions 21 to 23 shown in FIG. 14B. 
Therefore, it is possible to easily obtain a lead shape 

15 which is a feature of the present invention while almost 
securing the fabrication property same as that of the 
fabrication process of this type of conventional 
semiconductor device. 

FIG. 16 shows another technique for forming the end 

20 leads 4a to 4d. As shown in FIG. 16, the forming technique 
uses the lead frame 5 provided with a rectangular hole 34 
for the tie bar 11. The rectangular hole 34 is formed by 
extending to the tie bar 11 and wide portion 41. Moreover, 
the rectangular hole 34 has a shape in which the gap- 

25 controlling portion 9 and second lead portion 22 are formed 
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on the tie bar 11 and wide portion 41 through linear tie- 
bar cutting. 

According to the above technique, it is possible to 
easily obtain a lead shape which is a feature of the 
5 present invention only by linearly performing tie-bar 
cutting as shown by a broken line in FIG. 16 along the 
outline of the wide portion 41 located inside of the tie 
bar 11. In this case, because it is possible to easily 
perform press cutting by a simple die, this is also 

10 advantageous for cost. 

According to the above technique, the following 
advantage is further added compared to the case of the 
embodiment 3. That is, it is possible to lengthen the 
second lead portion 22. Moreover, it is possible to 

15 improve the stiffness of the second lead portion 22. The 
semiconductor device 1 of the embodiment 4 also has the 
same advantage as the semiconductor device 1 of the 
embodiment 2 in addition to the above. 

Thus, also in the case of the semiconductor device 1 

20 of the embodiment 4, it is possible to improve the 
solderability when inserting the leads 4 into the external 
substrate 25, soldering the leads 4, and mounting the 
semiconductor device 1 while securing the stiffness of the 
semiconductor device 1 after mounted on the external 

25 substrate 25, easiness of fabrication of the semiconductor 
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device 1, and alignment property when mounting the 
semiconductor device 1 on the external substrate 25. 
(Embodiment 5) 

The embodiment 5 of the present invention will be 
5 described below by referring to FIGs . 17A-17C and FIGs . 18A 
and 18B. The semiconductor device of the embodiment 5 has 
many points common to those of the semiconductor device of 
the embodiment 1 shown in FIGs. 1A-1D to FIG. 7. Therefore, 
to avoid duplication of description, points different from 

10 those of the embodiment 1 are mainly described. In FIGs. 

17A-17C and FIGs. 18A and 18B, a member common to that of 
the embodiment 1 shown in FIGs. 1A-1D to FIG. 7 is provided 
with the same reference number. 

As shown in FIGs. 17A-17C and FIGs. 18A and 18B, a 

15 semiconductor device 51 of this embodiment 5 is different 
from the semiconductor device 1 of the embodiment 1 in 
configuration. That is, the semiconductor device 51 of the 
embodiment 5 is different from the semiconductor device 1 
of the embodiment 1 in that no heat sink is used and a lead 

20 frame 5 is bent. However, other configurations of the 
semiconductor device 51 of the embodiment 5 are the same as 
those of the semiconductor device 1 of the embodiment 1. 

In the case of the semiconductor device 51, a power 
semiconductor element 2 is mounted on a portion 5a where 

25 the lead frame 5 is bent and control semiconductor elements 
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3 are mounted on a portion 5b where the lead frame 5 is not 
bent* Moreover, a metallic thin wire 6 made of Al (Al thin 
wire) is used for connection between the power 
semiconductor elements 2 and connection between the power 
5 semiconductor elements 2 and the lead frame 5 and a 
metallic thin wire 7 made of Au (Au thin wire) is used for 
connection between the control semiconductor elements 3 and 
the lead frame 5. The above members 2 to 7 are entirely 
sealed by a plastic package 10 formed by the transfer 

10 molding technique. However, for the lead 4, only part of 
the proximal portion is sealed. 

The end leads 4a to 4d of the semiconductor device 51 
are formed into shapes same as those of the end leads 4a to 
4d of the semiconductor device 1 of the embodiment 1 and 

15 formed in a tie-bar cutting step same as the case of the 
embodiment 1. However, it is also allowed that the end 
leads 4a to 4d of the semiconductor device 51 are formed 
into shapes same as those of the end leads 4a to 4d of the 
semiconductor device 1 of any one of the embodiments 2 to 4 

20 and formed in a tie-bar cutting step same as the case of 
any one of the embodiments 2 to 4 . In the case of the 
semiconductor device 51, functions and advantages same as 
those of the semiconductor device 1 of the embodiment 1 are 
obtained. When forming the end leads 4a to 4d into the 

25 same shapes as the case of the embodiment 2 to 4 and using 



34 



a tie-bar cutting step same as the case of the embodiments 
2 to 4, it is a matter of course that functions and 
advantages same as the case of the semiconductor devices 1 
of the embodiments 2 to 4 are obtained. 
5 As described above, also in the case of the 

semiconductor device 51 of the embodiment 5, it is possible 
to improve the solderability when inserting the leads 4 
into the external substrate 25, soldering the leads 4, and 
mounting the semiconductor device 1 while securing the 

10 stiffness of the semiconductor device 1 after mounted on 
the external substrate 25, easiness of fabrication of the 
semiconductor device 1, and alignment property when 
mounting the semiconductor device 1 on the external 
substrate 25. 

15 (Embodiment 6) 

The embodiment 6 of the present invention will be 
described below by referring to FIGs. 19A-19C and FIGs . 20A 
and 20B. A semiconductor device of the embodiment 6 has 
many points common to those of the embodiment 1 shown in 

20 FIGs. 1A-1D to FIG. 7. Therefore, to avoid duplication of 
description, point different from the case of the 
embodiment 1 are mainly described below. In FIGs . 19A-19C 
and FIGs . 20A and 20B, a member common to that of the 
embodiment 1 is provided with the same reference number. 

25 As shown in FIGs. 19A-19C and FIGs. 20A and 20B, a 
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semiconductor device 61 of this embodiment 6 is different 
from the semiconductor device 1 of the embodiment 1 in 
configuration. That is, the semiconductor device 61 of the 
embodiment 6 is different from the semiconductor device 1 
5 of the embodiment 1 in that heat sink 8 is joined to a lead 
frame 5, divided to be plural, and constituted as a full 
molding structure in which the heat sinks 8 are completely 
included in a plastic package 10. However, other 

configurations of the semiconductor device 61 of the 

10 embodiment 6 are the same as those of the semiconductor 
device 1 of the embodiment 1 . 

In the case of the semiconductor device 61, a power 
semiconductor device 2 and control semiconductor device 3 
are mounted on the lead frame 5. Moreover, a metallic thin 

15 wire 6 made of Al is used for connection between the power 
semiconductor devices 2 and connection between the power 
semiconductor devices 2 and the lead frame 5 and a metallic 
thin wire 7 made of Au is used for connection between the 
control semiconductor devices and the lead frame 5. 

20 Moreover, the heat sinks 8 are joined to the lead frame 5 
at positions opposite to the power semiconductor devices 2. 
The above members 2 to 8 are entirely sealed by the plastic 
package 10 formed by the transfer molding technique. 
However, for the lead 4, only part of the proximal portion 

25 is sealed. 
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End leads 4a to 4d of the semiconductor device 61 are 
formed into the same shapes as the end leads 4a to 4d of 
the semiconductor device 1 of the embodiment 1 and formed 
in a tie-bar cutting step same as the case of the 
5 embodiment 1. However, it is also allowed that the end 
leads 4a to 4d of the semiconductor device 61 are formed 
into the same shapes as the end leads 4a to 4d of the 
semiconductor device 1 of any one of the embodiments 2 to 4 
in a time-bar cutting step same as the case of any one of 

10 the embodiments 2 to 4 . In the case of the semiconductor 
device 61, functions and advantages are obtained same as 
those of the semiconductor device 1 of the embodiment 1. 
When forming the end leads 4a to 4d into the case of any 
one of the embodiments 2 to 4 and using a tie-bar cutting 

15 step same as the case of any one of the embodiments 2 to 4, 
it is a matter of course that functions and advantages same 
as those of any one of the embodiments 2 to 4 are obtained. 

In the case of the embodiment 6, because the lead 
frame 5 is joined with the head sinks 8, an area for 

20 receiving the viscous force of a fluidic resin increases in 
a transfer molding step. Therefore, because the viscous 
force for deforming the lead frame 5 is increased, it is 
necessary to increase the stiffness of the leads 4 in order 
to prevent the deformation of the lead frame 5 due to 

25 increase of the viscous force. In particular, it is 
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necessary that the stiffness of the first lead portion 21 
close to the plastic package 10 is increased. However, 
because the leads 4 (including end leads 4a to 4d) of the 
semiconductor device 61 have a wide first lead portion 21, 
5 the portion 21 has a large stiffness and thereby, the 
easiness of fabrication of the semiconductor device 61 is 
not deteriorated. Moreover, the leads 4 have a narrow 
second lead portion 22, a third lead portion 23 to be 
soldered, and a gap-controlling portion 9, it is possible 
10 to improve the solderability when mounting the 
semiconductor device 61 on the external substrate 25. 
(Embodiment 7 ) 

The embodiment 7 of the present invention will be 
described below. 

15 The present inventor et al . performed an experiment 

for examining whether the solderability was improved by 
making the sectional area of a second lead portion 22 
smaller than that of a first lead portion 21 in order to 
verify the usefulness of the present invention. In the 

20 case of this experiment, because the ratio between the 
sectional area of the second lead portion 22 whose 
sectional area was decreased in order to prevent heat 
release to a plastic package 10 and the sectional area of 
the third lead portion 23 for directly receiving the 

25 quantity of heat from melted solder, that is, the *lead- 
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portion sectional-area ratio" defined by (second lead- 
portion sectional area/ (third lead-portion sectional area) 
was important, the lead-portion sectional area ratio was 
used as an experimental parameter. 
5 In the case of this experiment, a semiconductor device 

used a DIPIPM in which the lead surface is plated with Sn- 
Cu solder. Moreover, as an external substrate, a printed 
circuit board made of glass epoxy is used. Furthermore, 
solder used Sn-3Ag-0.5Cu solder that was the most popular 

10 among lead-free solders to perform a flow-soldering 
experiment. In the case of the flow soldering, the 
temperature of melted solder was set to a general value of 
250°C. Moreover, a preheating condition in a flow- 
soldering device was decided so that it does not exceed the 

15 heat-resistant temperature (normally, 85°C) of an 
electrolytic capacitor which is frequently mounted on the 
same printed circuit board in general. Under the 

preheating condition, though the surface temperature of the 
printed circuit board rises up to approx. 150°C, the 

20 surface temperature of the DIPIPM rises only up to approx. 

50°C. Therefore, a large temperature difference is 

produced between components. However, this is a limit of 
an existing flow-soldering device. 

By raising the preheating temperature or increasing 

25 the preheating time and thereby preheating the DIPIPM so as 
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to have a higher temperature, the temperature of the 
printed-circuit board is also raised. Therefore, the 
solderability is improved. However, a problem occurs that 
the temperature of the printed-circuit board also exceeds 
5 the heat-resistant temperature of the electrolytic 
capacitor. Moreover, even if the electrolytic capacitor is 
not mounted on the printed-circuit board, the flux used to 
clean a non-solder- joining face in the soldering process is 
inactivated by raising the preheating temperature. 

10 Therefore, the plastic cannot exhibit its effect under the 
important soldering process and a problem occurs that the 
solderability is rather deteriorated. Therefore, when 
considering the above problem, it is not preferable to set 
the preheating temperature to a value higher than the above 

15 value. 

Table 1 shows results of the above experiment. In 

Table 1, symbols *@@" , *©", % O" , *A" , and *x" denote 
qualities of solderability, in which order a higher 

solderability is represented. Among these symbols, *©@", 
20 *(§)", and * O " are nondefective levels, that is, levels 

having no problem on reliability. 

Moreover, in order to show the experiment result with 

* marks in Table 1 in a easy way to understand, FIG. 21 

shows an enlarged photo of soldered portions of a DIPIPM in 
25 which a conventional lead 44b (lead sectional-area ratio of 
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300%) and a lead 44a (lead sectional-area ratio of 125%; 
hereafter referred to as simulated lead 44a of the present 
invention) obtained by cutting off a part of the 
conventional lead 44b and thereby simulating the lead 
5 structure of the present invention are mixed. As shown in 
FIG, 21, in the conventional lead 44b, wet-up of solder is 
insufficient and the solder is not wet up on the upper face 
of the through-hole. Therefore, this is not preferable 
soldering (B) . However, in the case of the simulated lead 
10 44a of the present invention, wet-up is sufficient and it 
is found that preferable soldering is performed (A) . 

Also in the case of an experiment using Pb-Sn eutectic 
solder, it is confirmed that the same effect is obtained 
though the degree of improvement effect is slightly small. 

15 



[Table 1] 





Lead sectional-area 
ratio 


Solderabil 
ity 


Conventional lead structure 


300% 




Lead structure of the present 
invention 


200% 


x-A 




175% 


O 




150% 


® 




140% 


© 




130% 


©© 




120% 


©®* 




110% 


®@ 




100% 


@® 




75% 


@@ 



According to the above experiment, in the case of the 
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lead structure of the present invention having the second 
lead portion 22 having a sectional area smaller than that 
of the conventional lead structure not having the second 
lead portion 22, the solderability is improved in the above 
5 all samples, that is, it can be said that the effectiveness 
of the present invention is verified. Moreover, according 
to the experimental results, it is preferable that the 
sectional area of the second lead portion 22 is 175% or 
less of the sectional area of the third lead portion 23 in 

10 the lead structure of the present invention. Furthermore, 
when considering the process margin under the soldering 
process, it is preferable that the sectional area of the 
second lead portion 22 is 130% or. less of the sectional 
area of the third lead portion. 

15 (Embodiment 8) 

A semiconductor assembly module of the embodiment 8 of 
the present invention will be described below by referring 
to FIG. 22. The semiconductor assembly module 80 of the 
embodiment 8 is constituted by setting a semiconductor 

20 device 1 to an external substrate 25 together with various 
electronic components. 

As shown in FIG. 22, in the case of the semiconductor 
assembly module, the semiconductor device 1 of the present 
invention is mounted on the external substrate 25 by Pb- 

25 free solder ( Sn-3Ag-0 . 5Cu) . Moreover, an electrolytic 
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capacitor 81, discrete-type transistor 82, and chip 
component 83 are mounted on the external substrate 25 in 
addition to the semiconductor device 1. These electronic 
components 81 to 83 are mounted on the external substrate 
5 25 together with the semiconductor device 1 of the present 
invention and thereby, the semiconductor assembly module 8 0 
is formed. By using the semiconductor device 1 of the 
present invention, the solderability of a lead is improved 
and various advantages are obtained as described below, 

10 In the case of a semiconductor assembly module using a 

conventional semiconductor device, because a solder joint 
between the semiconductor device and an external substrate 
easily becomes a solder structure having a low reliability, 
an inspection or repair is indispensable after mounting the 

15 semiconductor device on the substrate. However, when using 
the semiconductor device 1 of the present invention, it is 
possible to easily obtain the semiconductor assembly module 
80 superior in soldered-portion reliability because a 
preferable solderability is obtained. Therefore, it is 

20 possible to reduce the numbers of visual inspecting steps 
and repairing steps having been performed so far and cut 
the cost of the semiconductor assembly module 80. Moreover, 
because the reliability of the semiconductor assembly 
module 80 is stably highly maintained, it is easy to stably 

25 highly maintain the reliability of an end product using the 
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module 80. 

In this semiconductor assembly module 80, the number 
of types of and the number of electronic components to be 
mounted on the external substrate 25 are not restricted to 
5 those illustrated in FIG. 22. Moreover, in this case, a 
mounting technique using Pb-free solder (Sn-3Ag-0 . 5Cu) is 
illustrated which has a remarkable improvement effect of 
the solderability according to the present invention. 
However, even when using Pb-Sn eutectic solder, the same 

10 advantage can be expected. Therefore, a solder species is 
not restricted to Pb-free solder. However, it is 

preferable to use Pb-Sn eutectic solder or solder having a 
liquidus-line temperature higher than that of the Pb-Sn 
eutectic solder because the solderability improvement 

15 effect is remarkable. 

In the case of the semiconductor devices 1, 51, and 61 
of the above embodiments, the leads 4 (including end leads 
4a to 4d) protrude outward from the side face of the 

plastic package 10 and are bent midway by approx. 90°. 

20 However, in the case of these semiconductor devices 1, 51, 
and 61, it is allowed that the leads 4 protrude from a 
portion other than the side face of the plastic package 10, 
for example, from the upper face of the plastic package 10. 
In the case of the semiconductor devices 1, 51, and 61 

25 of the above embodiments, the leads 4 protrude from two 
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side faces of the plastic package 10. However, it is also 
allowed that the leads 4 protrude from four side faces or 
from one side face Moreover, in the case of these 
semiconductor devices 1, 51, and 61, the leads 4 are bent 
5 once midway. However, it is allowed that the leads 4 are 
not bent midway or they are bent twice or more midway as 
long as they can be inserted into and mounted on the 
external substrate 25. 

When solders used for the above embodiments are 

10 restricted to Pb-free solder, any solder based on Sn but 
excluding Pb can be used. Moreover, when the solders are 
not restricted, any type of solder can be used. However, 
as described above, it is preferable to use Pb~Sn eutectic 
solder or solder having a liquidus-line temperature higher 

15 than that of the Pb-Sn eutectic solder because the 
solderability improvement effect is remarkable. 

In the case of the above embodiments, a glass-epoxy 
printed-circuit board is shown as the external substrate 25. 
However, the external substrate 25 is not restricted to the 

20 glass-epoxy printed-circuit board. It is also allowed to 
use a printed-circuit board mainly made of paper phenol or 
composite. Moreover, it is allowed to use an external 
electric component instead of a substrate as long as the 
semiconductor device 1, 51, or 61 can be inserted into and 

2 5 mounted on the component. 
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Although the present invention has been fully described 
in connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications are apparent to those 
5 skilled in the art. Such changes and modifications are to 
be understood as included within the scope of the present 
invention as defined by the appended claims unless they 
depart therefrom. 



